ABSTRACT
Multiple sclerosis (MS) is a chronic demyelinating disease of the central nervous system and a common cause of neurological disability, affecting 2.5 million persons worldwide. 1 It has an unpredictable course and is usually progressive in nature. About 50% of persons require a gait aid and 10% a wheelchair within 15 years of onset, 2 and 90% will have significant functional limitation 25 years after onset. 3 Persons with MS (pwMS) are expected to have a normal lifespan and live for many decades with a range of problems. The World Health Organization developed the International Classification of Functioning, Disability and Health (ICF) 4 which defines a common language for describing the impact of disease at different levels: impairment, limitation in activity and participation. Within this framework, MS related impairments (weakness, spasticity) can limit ''activity'' or function (decreased mobility, incontinence) and ''participation'' (work, family, social reintegration). These have a cumulative effect over time and cause considerable distress to the pwMS and their families, reducing quality of life (QoL). There are significant socioeconomic implications with increased demand for health care, social and vocational services, and caregiver burden.
Despite major advances in MS care and disease modifying therapies, no longer term benefit on disability and participation have yet been demonstrated. The supportive and symptomatic management provided by multidisciplinary (MD) rehabilitation programmes remain the mainstay of treatment. A recent systematic review 5 provided support for MD rehabilitation programmes for pwMS using outcomes based on the ICF. The eight randomised (RCT) and clinical controlled trials [6] [7] [8] [9] [10] [11] [12] [13] [14] in this review highlighted a number of methodological difficulties with RCTs in rehabilitation settings. These relate to heterogeneous MS patient populations, difficulty with quantifying interventions, patient attrition and lack of control group, variability with follow-up and assessment, and lack of appropriate and sensitive outcome measures. Although seven (of eight) studies used randomisation procedures, concealed allocation of treatment and blinded outcome assessors were reported in only one study. 9 10 Furthermore, blinding of patients and care providers in all studies was inadequate. Storr et al 15 used a double blind design to assess the short term efficacy of MD inpatient rehabilitation compared with a control group and reported no significant difference. This study was underpowered, and confounding factors included variation in indication for treatment and in the reliability and responsiveness of outcome measures used.
In the current study we developed methodology for a stratified, randomised, waitlist controlled study over 12 months using blinded care providers and outcome assessors to compare the effectiveness of MD rehabilitation in pwMS in an Australian community cohort.
METHODS

Participants and setting
The study was conducted at the Royal Melbourne Hospital (RMH), a tertiary referral centre in Victoria, Australia, and approved by its research committee. The RMH MS programme provides acute neurological and intensive MD rehabilitation treatment for inpatients and ambulatory care 5 days per week for 3-6 weeks. The aim is to improve patient symptoms, maximise function and address factors relating to QoL and participation.
Patients were recruited from the RMH MS database; participant selection and methodology have been described previously. 16 Independent neurologists confirmed MS (McDonald criteria), 17 MS stage and severity using the Expanded Disability Status Scale (EDSS). 18 These participants were mobile in the community, with EDSS scores for mobility between 2 and 8, and cognition based on the Kurtzke Functional Systems (KFS range 0-2). Participants with cognition scores of KFS .2, those with relapse in the 3 months prior to recruitment and rehabilitation in the 6 months before admission were excluded.
Procedure Randomisation
A total of 204 patients were eligible for this study and randomised to control and treatment groups using a computer generated sequence, stratified by EDSS scores. All patients were invited (by mail) to participate in the project. A total of 101 people replied and returned signed consent forms. All patients were then mailed an MS information package. They were informed that it could take between 6 and 12 months before they received rehabilitation. The treatment group (n = 49) received the individualised inpatient (IP) or outpatient (OP) rehabilitation programme while the waitlist patients were the control group (n = 52).
Assessment interviews
Patients were assessed in their homes using a structured format by three independent trained researchers (one physician, two research officers) over a 6-week period (January-February 2005). They were not in contact with the acute neurology or the rehabilitation treating team. They did not share information about participants or assessments, and received independent clinical record forms at each interview. They completed demographic, functional and QoL assessments using standardised instruments (see measures). These assessments were in a randomised order to minimise systematic bias. Wherever possible patients were assessed at the same time of day (before noon). These interviews took approximately 1.5 h, with appropriate rest breaks. The assessors did not prompt patients but provided assistance for those who had difficulty with completing the questionnaires.
The control group was reassessed 12 months later while the treatment group were evaluated at 12 months after completion of their rehabilitation programme. The assessors had no access to previous assessments or to patient treatment schedules. Patients were instructed to make no comments on whatever treatment they received and to only report any relapse or concurrent illness.
Treatment schedules
Patients in the treatment group received comprehensive MD rehabilitation over a 12 month period. The treating therapy team assessed each patient's potential to benefit from either an IP or OP programme, based on clinical features, individual need and accessibility to services. The treating therapy team was not aware of patients in the trial and assessed these patients along with the usual referrals from the community. Those in the control group were not unduly disadvantaged, as patients referred for rehabilitation from the community with no acute need for rehabilitation usually wait between 6 and 8 months for a stay in hospital. Those in the control group who needed acute rehabilitation were offered treatment.
The MD programme included intensive treatment beyond symptomatic management of MS, and aimed to educate patients (and caregivers), and improve ''activity'' and ''participation'' within the limits of disease. 19 This programme included individual, achievable, functional goal oriented MD treatment with active involvement of the patient and family. The interventions offered were wide ranging (education, health promotion, bladder retraining and mobilisation).
The 5 day IP rehabilitation programme included 3 h of therapy per day, involving relevant disciplines based on patient need and team consensus. Compliance with the IP programme was defined as patient attendance in .90% of treatment sessions, comprising two blocks of 45 min sessions with physiotherapy and occupational therapy daily. Other sessions included half hour sessions with speech pathology, neuropsychology and social work 3 times/week or more (as required) for between 3 and 6 weeks. The individualised OP programme offered a lower intensity of therapy. An a priori compliance with OP treatment was defined as patient attendance in .80% of treatment sessions which included half hour blocks of therapy sessions (physiotherapy, occupational therapy, social work and speech pathology), 2-3 times per week as needed for up to 6 weeks. Subsequently they were involved in maintenance programmes (stretching, home exercises) similar to those undertaken by the control group. The methods used in therapy were individually tailored to meet patient needs (physiotherapy included muscle stretching, balance and gait training, while occupational therapy treatments involved fatigue management and functional retraining in tasks of daily living).
Adverse effects of rehabilitation were recorded (falls or injury during treatment). A dedicated phone number was made available to all participants during office hours to address questions or concerns, and the relevant specialist was contacted if required. The control group received an 8 weekly monitoring phone call for information about medical and hospital visits in the previous month.
Measurement
The ICF 5 was used as a conceptual basis for choice of best outcomes for measurement. Activity was assessed with the Functional Independence Measure (FIM), 20 while the Multiple Sclerosis Impact Scale (MSIS-29) 21 and General Health Questionnaire (GHQ-28) 22 assessed participation and QoL. FIM 20 assesses function and need for assistance in 18 items in motor and cognitive domains. Each item is rated on a scale of 1 to 7 (1 = total assistance, 5 = supervision, 7 = independent). The score reflects burden of care in each area measured. The FIM scores were based on actual performance of a task on a daily basis, rather than each individual optimum performance.
MSIS-29 21 measures the physical and psychological impact of MS from the patient's perspective. Total scores for both subscales are generated by summing individual items (scored 1-5) with high scores indicating greater impact.
GHQ-28 22 requires respondents to compare their current health to their ''usual state'' using a four point response scale for each item within its four subscales (somatic symptoms, anxiety, social dysfunction, severe depression). Higher scores indicate greater symptomatology.
Statistical analysis
The primary outcome was the impact of the rehabilitation programme on disability assessed by the FIM motor subscale.
For an 80% chance to detect a five point difference in FIM from baseline to 12 months in the intervention compared with the control group, assuming that SD for change is 8.5 and is similar in both groups, 46 patients in each group were needed for recruitment. The estimate was based on a two sided a = 0.05.
Additional analyses were also conducted on the subscale scores for FIM (motor, cognitive) and MSIS. Treatment and control groups were compared, with patients assigned according to their initial randomisation, irrespective of their subsequent compliance to the protocol.
Complete information was not available for all patients at the second data collection point. MS can have a fluctuating nature and patients could be expected to deteriorate over the 12 month study period. Assigning the last observation carried forward 23 values to missing data would therefore bias results by assuming a favourable outcome (no deterioration) for missing cases. A ''complete case'' approach was used, with patients providing information at both time points included in each of the analyses.
The primary analyses were conducted using analysis of covariance (ANCOVA), comparing the post-treatment scores for the control and treatment groups, with the baseline score as a covariate. 24 Secondary analyses were conducted on the individual FIM motor subscales using multivariate analysis of covariance (MANCOVA), to assess the impact of the programme across a set of related outcome measures.
FIM scores were negatively skewed and were subjected to log transformation and reflection. Bonferroni adjustments were made to the alpha level used to assess statistical significance. 25 A series of independent group t tests were used to compare change scores (baseline minus post treatment) for the control and treatment groups for the FIM, MSIS and GHQ. Effect size statistics (Cohen's d) 26 were determined by subtracting the mean change score for the two groups and dividing by the pooled baseline SD. 27 The x 2 statistic compared percentages of cases in the control and intervention groups who improved, remained the same or deteriorated.
During the course of the study a number of patients in the control group (n = 12, 23%) required treatment. In addition to the per protocol analyses described earlier, additional analyses were conducted to compare patients who received treatment with those who did not.
RESULTS
Of 204 eligible patients there was no difference in age, gender or EDSS scores between those who consented and those who did not.
Baseline characteristics
The sample of 101 patients included 52 randomised to the control and 49 to the treatment group. One patient in the treatment group withdrew consent after the first visit, while two patients in the control group were lost to follow-up (one died, one withdrew consent). Data from 98 patients were available for statistical analysis (treatment n = 48, control n = 50). Patient characteristics and comparison of baseline scores for both groups are summarised in table 1. The two groups were well matched for all variables. The treatment group included more severely affected persons (EDSS .6.5) who are expected to respond less well to treatment.
There was no difference in the follow-up intervals between the control (12 months) and treatment (12.8 months) groups. Only one patient in the control group had received rehabilitation in the previous 14 months.
Rehabilitation programme
Of the 49 patients in the treatment group, 24 received an individualised IP or OP (n = 25) programme. Mean length of the rehabilitation programme was 34 days (range 6-64). There was 96% and 89% compliance with treatment with the IP and OP programme, respectively, as per the a priori ''compliance'' definition. Additional speech pathology, neuropsychology and fatigue sessions were received by 60% of those who received the OP programme. In the treated group, all patients had a combined 1 h session with their ''significant other'' and treating team. There were no adverse events reported in either group.
Outcome measurements for activity and participation 
Outcome measurement change scores
Change scores for FIM, MSIS and GHQ were calculated (time 1 minus time 2) for both groups (table 2) . Compared with controls, the treated group showed statistically significant improvement in FIM total scores, and in the FIM domains of transfers, locomotion and self-care. Although the difference for the FIM cognitive scale was significant at p,0.05, it was not significant at the Bonferroni adjusted value of 0.005 (0.05/11). The percentage of patients who improved, showed no change and/or deteriorated in the FIM scores were calculated for each group. As expected, more patients in the treatment group improved compared with controls (70.8%, 34/48 vs 13%, 6/46), while more patients in the control group deteriorated over the study period (58.7%, 27/46 vs 16.7%, 8/48). This difference in proportions between the treatment and control groups was statistically significant (x 2 = 32.5, df = 2, p,0.001). Twelve patients randomised to the control group required treatment. There was no difference between the patients in the control group that did compared with those who did not receive treatment in terms of gender, age, EDSS grouping, stage of the disease, years since diagnosis or mean scores on admission for the FIM subscales. There was, however, a significant difference in the GHQ-anxiety (p = 0.001), GHQ-total scores (p = 0.03) and in scores on the MSIS-29 psychological subscale (p = 0.04), with the group requiring treatment showing higher levels of distress at admission.
The primary ANCOVA analyses reported earlier comparing the control (n = 52) and treatment (n = 49) groups were repeated, comparing those patients that received treatment (n = 61) and those that did not receive treatment (n = 40). Consistent results were obtained, with significant differences between the groups being detected for the FIM motor 
DISCUSSION
This study supports the effectiveness of an individualised rehabilitation programme for pwMS compared with no intervention. The treatment group showed reduction in disability and demonstrated important clinical differences in patient outcomes, with large treatment effect sizes for a number of FIM domains. This reduction in disability is consistent with previous reports, 6-14 28 29 but not all. 15 Patients in the treated group improved in function, while those in the control group deteriorated during the study period. In contrast with a previous report, 30 positive effects on emotional well being and QoL were not demonstrated at 12 months.
In our study, the treatment effect for the FIM mobility subscale was larger than expected, as pwMS are not usually expected to show this degree of improvement in mobility. There are a number of possible reasons for this. Compared with our study, patients in a previous study 6 had a shorter average duration of rehabilitation (20 days), more severely disabled patients (median EDSS 6.5 (range 5-9)) and shorter follow-up time (6 weeks). Our study included a longer follow-up of community dwelling pwMS with adequate cognition (KFS 0-2), who could fully participate and learn compensatory strategies in the rehabilitation programme for maximum benefit. In addition, their next of kin also attended therapy. The longer duration and more intensive therapy, and caregiver involvement, may be important factors for improved outcomes. A recent double blind RCT 15 over 6 weeks did not support the efficacy of MD rehabilitation. There was unequal patient distribution in the two groups, a high patient attrition rate and a more disabled control group, creating bias. Patients were not assessed prior to admission, so the indication for rehabilitation was not always clear. In addition, patients had higher EDSS scores (median 6.5 (range 0-8)) and received less therapy time (45 min daily) compared with our study and other reports. 6 29 In our study, the patient attrition rate was low, both groups had comparable baseline characteristics and adequate cognition. Less severe cognitive impairment in pwMS has been associated with improved goal setting and rehabilitation outcomes. 31 32 The responsiveness of our patient population to rehabilitation suggests the current triage process is effective in selecting those most likely to benefit from this resource intensive intervention. The additional benefit of incidental therapy (data not shown) is difficult to determine but the rates in both groups were comparable to those reported by Storr and colleagues. 15 The significant difference in rates of deterioration between the intervention and control groups over 12 months supports the work of Freeman and colleagues. 6 In addition to functional improvements, additional attention and environmental modification for the treatment group may have been a contributing factor to these differences.
Despite recent reports 33 the MSIS-29 did not show changes in emotional well being and QoL. This may be due to ''response shift phenomenon'' 34 where the pwMS may reassess their perceived limitations of daily living and reset goals and consider the impact of their MS less marked than they thought previously. 33 These ''response shifts'' can occur because of differences among people or changes within people regarding internal standards, values or conceptualisation of QoL.
The GHQ is generic and may fail to discriminate important domains of QoL for pwMS. We previously reported under utilisation of health services, especially rehabilitation, unmet needs and a lower QoL in pwMS compared with healthy Australian subjects. 16 Other studies report a lower QoL for pwMS with a longer disease duration, 35 36 with secondary progressive MS 37 and those with cognitive dysfunction. 38 Over 50% of patients in this study had secondary progressive MS and had adequate cognition. The relatively long period before reassessment may have missed earlier positive effects on QoL that were not sustained. Furthermore, important changes related to community reintegration may not have been adequately detected. Comparison of rehabilitation outcomes for ''participation'' may now be possible with recent developments in ICF MS Core set. 39 This comprises ICF categories that are relevant to most pwMS and can guide MD assessments, record the effect of intervention and allow comparison with other studies.
Meaningful comparisons with previous studies are limited by methodological issues, including differences in patient populations, study designs, the ''black box'' of complex intervention and different outcome measures. The outcomes achieved were at one centre in Victoria, Australia, and further studies are needed to confirm their generalisability. Although the changes in FIM scores for both groups were small, they were clinically relevant. The FIM scores of individuals with disability correlate highly with hours of care required. 40 This was beyond the scope of the current study.
The issues of design in such MD health service interventions are complex. The ''real life'' clinical setting in this instance had its own set of challenges (operational issues relating to slot availability within the health service, appropriate staffing levels for timely intervention). Waitlist control groups have been criticised as patients know they are waiting and may be ''disgruntled'' with this treatment. However, as our patients were unaware of the ''fast tracked'' treated group, this would have mitigated this potentially negative effect.
To reduce a major source of bias, the treating therapists and assessors were blinded. The treating therapists provided treatment to patients but were unaware of the study. The assessors had no links with the rehabilitation or acute hospital team, and had no contact with one another or access to the initial scores. The time interval between the two assessments was adequate (12 months) to reduce the likelihood of spontaneous recovery or short term gains following the rehabilitation programme. While a comprehensive approach to outcome measurement was undertaken, we may have missed other important outcomes, such as impact on carers and families.
In conclusion, this stratified, randomised waitlist controlled study over 12 months supports individualised MD rehabilitation programmes in reducing disability in pwMS compared with no intervention. The impact of response shift phenomenon on QoL needs further exploration. More information about defining and characterising the components of ''the black box'' of clinical practice in rehabilitation now needed using multicentre trials.
